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(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely estimate an internal 
EGR amount from the quantity of state in the cylinder of the 
engine by using a physical equation. 

SOLUTION: When an exhaust valve is closed, based on signals 
from an exhaust temperature sensor 12, an intake pressure 
sensor 10, and exhaust pressure sensor 1 1, a cylinder 
temperature and a cylinder pressure are calculated, the gas 
constant of exhaust gas according to a combustion air/fuel 
ratio is calculated, and a cylinder gas amount is calculated. 
Then, based on signals from a crank angle sensor 14, a water 
temperature sensor 15, cam angle sensors 16 and 17, and an 
accelerator opening sensor 18, a blowback gas amount during 
overlapping in an intake valve opening period and an exhaust 
valve opening period is calculated. Based on the calculated 
values of the cylinder gas amount and the blowback gas 
amount, the internal EGR amount is calculated. 
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* NOTICES * 

CTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A means to compute whenever [ cylinder internal temperature / at the time of exhaust air bulb clausilium ], 

A means to compute the cylinder internal pressure at the time of exhaust air bulb clausilium, 

A means to compute the gas constant of the exhaust gas presentation according to a combustion air-fuel 

ratio, 

A means to compute the capacity in a cylinder at the time of exhaust air bulb clausilium whenever [ said 
cylinder internal temperature ] based on said cylinder internal pressure and said gas constant at least, 
It has a means to blow under overlap of an exhaust air bulb open period and an intake valve open period, 
and to compute capacity, 

The amount presumption equipment of internals EGR of the internal combustion engine characterized by the 
capacity in said cylinder, and said thing [ blowing and computing the amount of internals EGR based on 
capacity ]. 
[Claim 2] 

It is a capacity calculation means in a cylinder at the time of said exhaust air bulb clausilium, 
A means to compute the cylinder content volume at the time of exhaust air bulb clausilium, 
A means to compute whenever [ cylinder internal temperature / at the time of said exhaust air bulb 
clausilium ], 

A means to compute the cylinder internal pressure at the time of said exhaust air bulb clausilium, 

A means to compute the gas constant of the exhaust gas presentation according to said combustion air-fuel 

ratio, 

The amount presumption equipment of internals EGR of the internal combustion engine according to claim 
1 characterized by consisting of ****** and computing the capacity in a cylinder at the time of exhaust air 
bulb clausilium by the physical type based on these calculation values. 
[Claim 3] 

A cylinder content volume calculation means is the amount presumption equipment of internals EGR of the 
internal combustion engine according to claim 2 characterized by calculating the cylinder content volume 
value geometrically decided from the piston location at the time of exhaust air bulb clausilium at the time of 
said exhaust air bulb clausilium. 
[Claim 4] 

A cylinder content volume calculation means is the amount presumption equipment of internals EGR of the 
internal combustion engine according to claim 2 characterized by calculating the cylinder content volume 
value at the time of exhaust air bulb clausilium according to those variation in the engine which has the 
device in which the cylinder content volume of an exhaust air bulb clausilium stage and this stage is 
changed relatively at the time of said exhaust air bulb clausilium. 
[Claim 5] 

Said gas constant calculation means is the amount presumption equipment of internals EGR of the internal 
combustion engine of any one publication of claim 1 characterized by asking for the gas constant 
corresponding to change of an exhaust gas presentation - claim 4 according to target combustion equivalent 
ratio. 
[Claim 6] 

It blows during said overlap and is a capacity calculation means, 

A means to compute whenever [ cylinder internal temperature / at the time of said exhaust air bulb 
clausilium ], 
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A means to compute the cylinder internal pressure at the time of said exhaust air bulb clausilium, 

A means to compute the gas constant corresponding to the exhaust gas presentation change according to said 

combustion air-fiiel ratio, 

A means to compute a MAP, 

A means to compute the ratio of specific beat corresponding to exhaust gas presentation change, 

A means to compute the addition effective area under overlap of an exhaust air bulb open period and an 

intake valve open period, 

A means to compute an engine rotational frequency, 

A means to judge the existence of supercharge and a choke, 

The amount presumption equipment of internals EGR of the internal combustion engine of any one 
publication of claim 1 characterized by consisting of ******, blowing under overlap based on these 
calculation values, and computing capacity - claim 5. 
[Claim 7] 

Said supercharge and the judgment means of a choke, 

Based on cylinder internal pressure, it has a means to compute an inhalation-of-air exhaust-gas-pressure 
ratio, at the time of said MAP and said exhaust air bulb clausilium, 

The amount presumption equipment of internals EGR of the internal combustion engine according to claim 
6 characterized by setting it up when said supercharge judging means makes the ratio of specific beat 
corresponding to said exhaust gas presentation change those with supercharge. 
[Claim 8] 

It is an addition effective-area calculation means during said overlap, 
A means to compute intake valve closing motion timing, 
A means to compute exhaust air bulb closing motion timing, 
since ~ the amount of overlap — computing 

The amount presumption equipment of internals EGR of the internal combustion engine according to claim 
6 or 7 characterized by calculating the integrated value of effective area according to this amount of overlap. 

[Claim 9] 

It is an addition effective-area calculation means during said overlap, 

The amount presumption equipment of internals EGR of the internal combustion engine according to claim 
6 or 7 characterized by computing addition effective area by integrating with either minimum value of the 
opening area in an inhalation-of-air valve lift, and the opening area in an exhaust air valve lift. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to an internal combustion engine's amount (amount of reflux of emission gas) 

presumption equipment of internals EGR. 

[0002] 

[Description of the Prior Art] 

In order to aim at reduction of NOx (nitrogen oxides) by the combustion- temperature control by the 
formation of inerts buildup, and fuel consumption reduction by reduction of a pump loss in a jump-spark- 
ignition type internal combustion engine from the former, using an adjustable valve gear, the amount of 
overlap of an exhaust air bulb open period and an intake valve open period is expanded, and there is a thing 
to which the amount of internals EGR is made to increase. In this case, it is desirable to perform control 
which amends ignition timing, fuel oil consumption, bulb closing motion timing, etc. according to the 
amount of internals EGR. 
[0003] 

Moreover, in the patent reference 1 , the basic value of the amount of internals EGR is computed from the 
service conditions (a load, an engine speed, an air-fuel ratio, an EGR rate, depression at engine manifold, 
etc.) of the engine at the time of overlap nothing, and amending the amount of internals EGR according to 
the variation of the service condition at the time of overlap is indicated. 
[0004] 

[Patent reference 1 ] 

JP,2001-221105,A 

[0005] 

[Problem(s) to be Solved by the Invention] 

However, it was difficult to presume the amount of internals EGR uniquely with the amount of overlap 
because operational status changes and combination, such as a load, an engine speed, a combustion air-fuel 
ratio, and a depression at engine manifold, changes. 

Moreover, the patent reference 1 was not enough as the precision of the amount of internals EGR computed 
by change of each parameter, when amending the amount of internals EGR from the variation of a service 
condition. 
[0006] 

It is made in order that this invention may solve the above-mentioned problem, and it aims at presuming the 

amount of internals EGR with a sufficient precision according to an engine's service condition. 

[0007] 

[Means for Solving the Problem] 

Therefore, in this invention, whenever [ cylinder internal temperature / at the time of exhaust air bulb 
clausilium ], the cylinder internal pressure at the time of exhaust air bulb clausilium and the gas constant of 
the exhaust gas presentation according to a combustion air-fuel ratio are computed respectively, and the 
capacity in a cylinder at the time of exhaust air bulb clausilium is computed based on these at least. And it 
blows under overlap of an exhaust air bulb open period and an intake valve open period, and capacity is 
computed. And it blows with the capacity in a cylinder and the amount of internals EGR is computed based 
on capacity. 
[0008] 

[Effect of the Invention] 
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According to this invention, it is not concerned with a service condition but the amount of internals EGR 
can be presumed with a sufficient precision based on the quantity of state inside the cylinder after a burn out 
(gas constant of temperature, a pressure, and exhaust gas). 
[0009] 

[Embodiment of the Invention] 

Hereafter, the operation gestalt of this invention is explained based on a drawing. 

Drawing 1 is system configuration drawing of an internal combustion engine's amount presumption 

equipment of internals EGR. 

The combustion chamber 3 formed by the piston 2 of each cylinder of an engine 1 is equipped with the 
intake valve 5 and the exhaust air bulb 6 so that an ignition plug 4 may be surrounded. The lift property 
(closing motion stage) of an intake valve 5 and the exhaust air bulb 6 is changing the phase of the cam to a 
cam shaft by the adjustable valve train solenoids 22 and 23 prepared in the inspired air flow path and the 
exhaust side, and control of valve timing is possible for it. 
[0010] 

The electronics control throttle valve 1 9 is formed in the inhalation- of- air path 7, and, thereby, inhalation 
new air volume is controlled, supply of a fuel is made by the injector 20 formed in the inhalation-of-air path 
7 for every cylinder (or each combustion chamber 3 is attended directly — making). Gaseous mixture is lit 
by the ignition plug 4 in a combustion chamber 3, and it burns, and is discharged to a flueway 8. 
Here, actuation of the electronics control throttle valve 19, an injector 20, an ignition plug 4 (ignition coil 21 
with built-in PAWATORA), and the adjustable valve train solenoids 22 and 23 is controlled by the engine 
control unit (ECU) 30. 
[0011] 

The signal from various sensors is inputted into ECU30 for these control. 

The crank angle sensor 1 4 outputs a crank angle signal synchronizing with an engine revolution, and, 
thereby, can detect an engine speed with a crank angle location. And the cam angle sensors 16 and 17 can 
detect the cam angle of an intake valve 5 and the exhaust air bulb 6, and, thereby, can detect the operating 
state of the adjustable valve train solenoids 22 and 23. 
[0012] 

and At the inhalation-of-air path 7 inhalation new air volume The air flow meter 9 to detect, the MAP sensor 
1 0 which detects a MAP on electronics control throttle-valve 1 9 lower stream of a river, the exhaust-gas- 
pressure sensor 1 1 which detects exhaust gas pressure in a flueway 7, the exhaust- gas-temperature sensor 12 
which detects an exhaust-gas temperature in a flueway 8, and the amount of oxygen contained during 
exhaust air in a flueway 8 The output signal of 02 sensor (oxygen sensor) 1 3 to detect, the coolant 
temperature sensor 15 which detects the circulating water temperature of an engine 1, and the accelerator 
opening sensor 18 which detects an accelerator opening is also inputted into ECU30, and these conditions 
can be detected. 
[0013] 

Next, presumption of the amount of internals EGR which ECU30 performs, and the rate of internal EGR is 

explained below. Drawing 2 - drawing 7 are control block diagrams, drawing 8 - drawing 16 </A> are 

control flow charts, and drawing 17 - drawing 2222 are tables which calculate each value. 

Calculation of the rate MRESFR of internal EGR is explained using the control block diagram of the rate 

calculation means of internal EGR of drawing 2 , and the rate MRESFR calculation flow of internal EGR of 

drawing 8 . 

[0014] 

As for the inhalation new-air- volume calculation means shown in drawing 2 , the target combustion 
equivalent ratio TFBYA and the amount calculation means of internals EGR compute the amount MRES of 
internals EGR, respectively, as for the inhalation new air volume (the amount of new dispositions) MACYL, 
and a target combustion equivalent ratio calculation means, and the rate calculation means of internal EGR 
computes the rate MRESFR of internal EGR based on these calculation values. 

At step 1 of drawing 8 , the inhalation new air volume MACYL per cylinder is computed based on the 

inhalation new air volume measured by the air flow meter 9. 

[0015] 

At step 2, the target combustion equivalent ratio TFBYA decided according to the engine speed detected 
based on the signal of the crank angle sensor 14, the accelerator opening detected based on the signal of the 
accelerator opening sensor 18, and the circulating water temperature detected based on the signal of a 
coolant temperature sensor 1 5 is computed. 
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In addition, if theoretical air fuel ratio is set to 14.7, the target combustion equivalent ratio TFBYA is 
expressed by the degree type from a target combustion air-fuel ratio, and when a target combustion air- fuel 
ratio is SUTOIKI, it will be set to 1 . 
[0016] 

TFBYA=14.7-/target combustion air-fiiel ratio ... (1) 

At step 3, the amount MRES of internals EGR per cylinder is computed according to the flow chart of 
drawing 9 mentioned later. 

At step 4, the rate MRESFR of internal EGR (the amount of internals EGR to the total capacity per cylinder 

comparatively) is computed by the degree type, and processing is ended. 

[0017] 

MRESFR=MRES/{MRES+MACYLx (l+TFBYA/14.7)} ... (2) 

Here, calculation of the amount MRES of internals EGR of step 3 is explained using the control block 
diagram of the amount calculation means of internals EGR of drawing 3 , and the amount calculation flow 
of internals EGR of drawing 9 . 
[0018] 

The capacity calculation means in a cylinder is blown during the overlap (it is indicated in drawing as 
"O/L") of capacity MRESCYL in a cylinder, an intake valve 5, and the exhaust air bulb 6 at the time of the 
exhaust air bulb clausilium shown in drawing 3 (it is indicated in drawing as "the time of EVC"), a capacity 
calculation means is blown, capacity MRESOL is computed, respectively, and the amount calculation means 
of internals EGR computes the amount MRES of internals EGR based on these calculation values. 
[0019] 

At step 5 of drawing 9 , capacity MRESCYL in a cylinder is computed according to the flow chart of 
drawing 10 mentioned later at the time of the exhaust air bulb clausilium which is the capacity which 
remains inside a cylinder at the time of exhaust air bulb clausilium. 

At step 6, according to the flow chart of drawing 1 1 mentioned later, it blows during the overlap which is 
the capacity blown from an exhaust side to an inspired air flow path during overlap, and capacity MRESOL 
is computed. 
[0020] 

At step 7, it blows during capacity MRESCYL in a cylinder, and overlap at the time of exhaust air bulb 
clausilium, capacity MRESOL is added, and the amount MRES of internals EGR is computed by the degree 
type. 

MRES=MRESCYL+MRESOL ... (3) 

Here, calculation of capacity MRESCYL in a cylinder is explained to be the control block diagram of the 
capacity calculation means in a cylinder using the capacity MRESCYL calculation flow in a cylinder at the 
time of the exhaust air bulb clausilium of drawing 10 at the time of the exhaust air bulb clausilium of 
drawing 4 at the time of the exhaust air bulb clausilium of step 5. 
[0021] 

The target combustion equivalent ratio calculation means shown in drawing 4 computes the target 
combustion equivalent ratio TFBYA of exhaust gas, and an exhaust gas gas constant calculation means 
computes gas constant REX based on this value. In a calculation means, a pressure calculation means 
computes [ a cylinder content volume calculation means / whenever / cylinder internal temperature ] the 
cylinder internal pressure PEVC whenever [ cylinder internal temperature ], respectively at the time of 
TEVC and exhaust air bulb clausilium at the time of the cylinder content volume VEVC and exhaust air 
bulb clausilium at the time of exhaust air bulb clausilium. And based on these calculation values, the 
capacity calculation means in a cylinder computes capacity MRESCYL in a cylinder at the time of exhaust 
air bulb clausilium. 
[0022] 

At step 8 of drawing 10 , it asks for the cylinder content volume VEVC from the table shown in drawing 17 
at the time of exhaust air bulb clausilium. Drawing 17 is a cylinder content volume VEVC calculation table 
at the time of exhaust air bulb clausilium, an axis of abscissa shows the exhaust air bulb closing motion 
timing variation VTCNOWE, and the axis of ordinate shows the cylinder content volume VEVC at the time 
of exhaust air bulb clausilium. 

Here, in the engine which has the device in which an exhaust air bulb clausilium stage is changed, it asks for 
the cylinder content volume VEVC from a table according to the exhaust air bulb closing motion timing 
variation VTCNOWE detected based on the signal of the cam angle sensor 1 7 of an exhaust side at the time 
of the exhaust air bulb clausilium shown in drawing 17 . 
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[0023] 

In addition, in the engine which has the device in which a compression ratio is changed, it asks for the 
cylinder content volume VEVC from a table at the time of the exhaust air bulb clausilium according to the 
variation of a compression ratio. 

Moreover, in the engine which has the device which makes adjustable simultaneously an exhaust air bulb 
clausilium stage and a compression ratio, it asks for the cylinder content volume VEVC from a table at the 
time of the exhaust air bulb clausilium according to an exhaust air bulb clausilium stage and compression 
ratio variation. 
[0024] 

At step 9 of drawing 10 , gas constant REX of exhaust gas according to the target combustion equivalent 
ratio TFBYA is calculated from the table shown in drawing 18 . Drawing 1 8 is an exhaust gas gas constant 
REX calculation table, an axis of abscissa shows the target combustion equivalent ratio TFBYA, and the 
axis of ordinate shows gas constant REX of exhaust gas. In addition, the dotted line in drawing 18 shows 
SUTOIKI. 

At step 1 0, TEVC is presumed whenever [ cylinder internal temperature ] based on the exhaust-gas 
temperature detected based on the signal of the exhaust-gas-temperature sensor 12 at the time of exhaust air 
bulb clausilium. In addition, at the time of exhaust air bulb clausilium, whenever [ cylinder internal 
temperature ], since TEVC changes with the heating values according to the fuel oil consumption of an 
injector 20, it may be calculated from the table using such a property. 
[0025] 

At step 1 1 , the cylinder internal pressure PEVC is presumed based on the exhaust gas pressure detected 
based on the signal of the exhaust-gas-pressure sensor 1 1 at the time of exhaust air bulb clausilium. In 
addition, at the time of exhaust air bulb clausilium, since the cylinder internal pressure PEVC is decided by 
the gaseous mixture product and tubing internal resistance of an exhaust air system, you may ask for it from 
the table according to a gaseous mixture product flow rate. 

At step 12, capacity MRESCYL in a cylinder is computed by the degree type from the calculation value of 
the cylinder internal pressure PEVC whenever [ cylinder internal temperature ] at the time of the exhaust air 
bulb clausilium which remains inside a cylinder at the time of exhaust air bulb clausilium at the time of 
TEVC and exhaust air bulb clausilium at the time of the cylinder content volume VEVC, exhaust gas gas 
constant REX, and exhaust air bulb clausilium at the time of the exhaust air bulb clausilium computed in 
step 8 - step 1 1 . 
[0026] 

MRESCYL=(PEVCxVEVC)/(REXxTEVC) ... (4) 

Here, it blows during the overlap of drawing 5 , and blows during the control block diagram of capacity 
calculation, and the overlap of drawing 1 1 , and calculation of capacity MRESOL blown from an exhaust 
side to an inspired air flow path during the overlap of step 6 of drawing 9 is explained using a capacity 
MRESOL calculation flow. 
[0027] 

The closing motion timing variation calculation means of the exhaust air bulb and intake valve which are 
shown in drawing 5 computes the overlap variation VTCOL from the closing motion timing variation 
VTCNOW and VTCNOWE of an intake valve and an exhaust air bulb, and an addition effective-area 
calculation means computes the addition effective area ASUMOL during overlap based on this calculation 
value. A target combustion equivalent ratio calculation means computes equivalent ratio TFBYA, and an 
exhaust gas gas constant calculation means computes gas constant REX based on this calculation value. And 
based on these calculation values, and an engine-speed calculation means, an exhaust gas ratio-of-specific- 
beat calculation means and each calculation value according whenever [ cylinder internal temperature ] to a 
cylinder internal pressure calculation means, a MAP calculation means, and a choke supercharge judging 
calculation means the time of a calculation means and exhaust air bulb clausilium the time of exhaust air 
bulb clausilium, it blows during overlap, and a capacity calculation means is blown and computes capacity 
MRESOL. 
[0028] 

At step 1 3 of drawing 1 1 , the overlap variation VTCOL is computed by the degree type from the intake 
valve closing motion timing variation VTCNOW detected based on the signal of the cam angle sensor 1 6 
which detects the phase of an inspired air flow path cam, and the exhaust air bulb closing motion timing 
variation VTCNOWE detected based on the signal of the cam angle sensor 1 7 which detects the phase of an 
exhaust side cam. 

h ttp ://www4 . ipdl . ncipi . go . j p/cgi -bin/tran_web_cgi_ej j e 6/8/2006 



JP,2004- 108262, A [DETAILED DESCRIPTION] 



Page 5 of 1 1 



[0029] 

VTCOL=VTCNOW+VTCNOWE ... (5) 

At step 14, it asks for the addition effective area ASUMOL under overlap from the table shown in drawing 
19 R> 9 according to the overlap variation VTCOL computed by (5) formulas. Drawing 19 is a table which 
computes the addition effective area under overlap, an axis of abscissa shows the overlap variation VTCOL, 
and the axis of ordinate shows the addition effective area ASUMOL under overlap. If the overlap variation 
VTCOL becomes large, the addition effective area ASUMOL will become large. 
[0030] 

Here, drawing 20 is the explanatory view of the addition effective area ASUMOL under overlap, and, as for 
the axis of abscissa, the axis of ordinate shows each opening area of an intake valve 5 and the exhaust air 
bulb 6 whenever [ crank angle ]. And effective opening area at a certain event under overlap is made into the 
smaller one among exhaust air bulb opening area and intake valve opening area. That is, the addition 
effective area ASUMOL during the whole term under overlap is shown as an integral value (slash section in 
drawing) of the period which the intake valve 5 and the exhaust air bulb 6 are opening. 
[0031] 

Thus, by computing the addition effective area ASUMOL during overlap, false [ of the amount of overlap of 
an intake valve 5 and the exhaust air bulb 6 ] can be carried out with one orifice (runoff hole), and the flow 
rate which passes this orifice from the condition of an exhaust air system and the condition of an inhalation- 
of-air system is computed in simple. 

At step 15 of drawing 1 1 , engine-speed NRPM is computed based on the signal of the crank angle sensor 
14. 

[0032] 

At step 1 6, the exhaust gas ratio of specific beat SHEATR is computed from the map shown in drawing 2 1 . 
This control configuration is shown in drawing 6 . 

As for the target combustion equivalent ratio calculation means shown in drawing 6 , a calculation means 
computes [ whenever / cylinder internal temperature ] TEVC whenever [ cylinder internal temperature ], 
respectively at the time of the target combustion equivalent ratio TFBYA and exhaust air bulb clausilium, 
and an exhaust gas ratio-of-specific-beat calculation means computes the exhaust gas ratio of specific beat 
SHEATR based on these calculation values. 
[0033] 

Drawing 2 1 is an exhaust gas ratio-of-specific-beat calculation map, an axis of abscissa shows the target 
combustion equivalent ratio TFBYA, and the axis of ordinate shows the exhaust gas ratio of specific beat 
SHEATR. In addition, if the exhaust gas ratio of specific beat SHEATR becomes small and is on the rich or 
Lean side when the dotted line in drawing shows the location of SUTOIKI and the target combustion 
equivalent ratio TFBYA is near SUTOIKI, the ratio of specific beat SHEATR will become large. And a 
thick wire arrow head shows the case where TEVC changes whenever [ cylinder internal temperature / at the 
time of exhaust air bulb clausilium ]. Here, according to TEVC, it asks for the exhaust gas ratio of specific 
beat SHEATR whenever [ cylinder internal temperature ] at the time of the exhaust air bulb clausilium 
computed at step 1 0 of the target combustion equivalent ratio TFBYA computed at step 2 of drawing 8 , and 
drawing 10 . 
[0034] 

At step 17, the control block diagram of a supercharge and a choke judging means of drawing 7 to mention 
later, and supercharge judging TBCRG and the choke judging CHOKE flow of drawing 12 perform the 
supercharge judging TBCRG and the choke judging CHOKE. 

At step 18, whether the supercharge judging flag TBCRG in step 17 being 0 and a supercharge condition are 
judged. When the supercharge judging flag TBCRG is 0, it progresses to step 19, and when the supercharge 
judging flag TBCRG is not 0, it progresses to step 22. 
[0035] 

At step 19, whether the choke judging flag CHOKE in step 17 being 0 and a choke condition are judged. 
When the choke judging flag CHOKE is 0, average **** return quantity-of-gas-flow MRESOLtmp under 
having no supercharge and overlap at the time of choke nothing is computed from the flow of drawing 13 
which progresses to step 20 and is mentioned later. 
[0036] 

On the other hand, at step 1 9, when the choke judging flag CHOKE in step 1 7 is not 0, from the flow of 
drawing 14 which progresses to step 2 1 and is mentioned later, it blows under having no supercharge and 
overlap at the time of those with a choke, and quantity-of-gas-flow MRESOLtmp is computed. 
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Moreover, at step 18, the supercharge judging flag TBCRG in step 17 is 1, i.e., a supercharge condition, and 
average **** return quantity-of- gas-flow MRESOLtmp under overlap at the time of those with supercharge 
and choke nothing is computed from the flow of drawing 15 which progresses to step 23 and is later 
mentioned when the choke judging flag CHOKE is 0 at step 22. 
[0037] 

On the other hand, at step 22, when the choke judging flag CHOKE in step 1 7 is 1 , from the flow of drawing 

16 which progresses to step 24 and is mentioned later, it blows at the time of those with those with 

supercharge, and a choke, and quantity-of-gas-flow MRESOLtmp is computed. 

It progresses to step 25, after blowing at steps 20, 21, 23, and 24 and computing quantity-of-gas-flow 

MRESOLtmp. 

[0038] 

In blowing and integrating the addition effective area ASUMOL in quantity-of-gas-flow MRESOLtmp and 
an overlap period at step 25, according to the condition of the existence of supercharge, and the existence of 
a choke, it blows under overlap and capacity MRESOL is computed by the degree type. 
MRESOL=(MRESOLtmpxASUMOLx60)/(NRPMx360) ... (7) 

Here, the supercharge and choke judging in step 17 are explained using the control block diagram of the 
supercharge and choke judging means of drawing 7 , and supercharge judging TBCRG and the choke 
judging CHOKE flow of drawing 12 . 
[0039] 

Based on each calculation value of a cylinder internal pressure calculation means and a MAP calculation 
means, supercharge and a choke judging means perform the supercharge judging TBCRG and the choke 
judging CHOKE at the time of an exhaust gas ratio-of-specific-beat calculation means and exhaust air bulb 
clausilium as shown in drawing 7 . 

At step 26 of drawing 12 , the ratio PINBYEX with the cylinder internal pressure PEVC, i.e., an inhalation- 
of-air exhaust-gas-pressure ratio, is computed by the degree type at the time of the exhaust air bulb 
clausilium computed at step 1 1 of MAP PIN detected based on the signal of the MAP sensor 10, and 
drawing 10 . 
[0040] 

PINBYEX=PIN/PEVC ... (8) 

At step 27, whether the inhalation-of-air exhaust-gas-pressure ratio f s PINBYEX being one or less and a 
supercharge condition are judged. 

When the inhalation-of-air exhaust-gas-pressure ratio PINBYEX is one or less (i.e., when you have no 
supercharge), it progresses to step 28, and supercharge judging flag TBCRG=0 is set as 0, and it progresses 
to step 3 1 . 
[0041] 

the air searched for on the other hand from the table showing the exhaust gas ratio of specific beat SHEATR 
which it progressed to step 29 in with supercharge, set the supercharge judging flag TBCRG as 1 , 
progressed to step 30, and was computed at step 16 of drawing 1111 in drawing 22 when the inhalation-of- 
air exhaust-gas-pressure ratio PINBYEX was larger than 1 , and the gaseous mixture of a fuel — it considers 
as the ratio of specific beat MIXAIRSHR. 
[0042] 

drawing 22 » gaseous mixture — a ratio-of-specific-beat MIXAIRSHR calculation table — it is — an axis of 
abscissa — the target combustion equivalent ratio TFBYA and an axis of ordinate — gaseous mixture ~ the 
ratio of specific beat MIXAIRSHR is shown. In addition, the dotted line in drawing shows SUTOIKI, and 
the ratio of specific beat MIXAIRSHR is large at the time of the Lean side, and it becomes small at the time 
of a rich side, and the gaseous mixture corresponding to the target combustion equivalent ratio TFBYA 
computed at step 2 of drawing 2 — it asks for the ratio of specific beat MIXAIRSHR from a table. 
[0043] 

and the step 30 — setting — the exhaust gas ratio of specific beat SHEATR — gaseous mixture — the ratio of 
specific beat of the gas which passes an orifice by transposing to the ratio of specific beat MIXAIRSHR 
when the gas flow under overlap at the time of supercharge of a turbo charger, inertia supercharging, etc. 
goes to an exhaust air system from an inhalation-of-air system (it blows) — the inhalation of air from the 
ratio of specific beat of exhaust gas — by changing into the ratio of specific beat of gaseous mixture, the 
capacity to blow is presumed with a sufficient precision and the amount of internals EGR is computed with 
a sufficient precision. 
[0044] 
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At step 3 1 , choke judging threshold SLCHOKEL of min and max and SLCHOKEH are computed by the 
degree type based on the exhaust gas ratio of specific beat SHEATR computed at step 16 or step 30. 
SLCHOKEL= {2/(SHEATR+l)> A {SHEATR/(SHEATR- 1 ) } ... (9a) 
SLCHOKEH= {2/(SHEATR+l)} A {-SHEATR/(SHEATR-1)} ... (9b) 

This choke judging threshold SLCHOKEL and SLCHOKEH are computing the threshold value which 

carries out a choke. 

[0045] 

Moreover, in step 3 1 , on a control configuration, when power count is difficult, beforehand, (9a) and the 
count result of a formula (9b) are memorized as a minimum choke judging threshold SLCHOKEL table and 
a maximum choke judging threshold SLCHOKEH table, and may be searched for according to the exhaust 
gas ratio of specific beat SHEATR. 

At step 32, the inhalation-of-air exhaust-gas-pressure ratio PINBYEX computed at step 26 is more than 
minimum choke judging threshold SLCHOKEL, and whether it being in within the limits below maximum 
choke judging threshold SLCHOKEH and a choke condition are judged. 
[0046] 

When the inhalation-of-air exhaust-gas-pressure ratio PINBYEX is in within the limits (i.e., when it judges 

that he has no choke), it progresses to step 33 and the choke judging flag CHOKE is set as 0. 

On the other hand, when there is no inhalation-of-air exhaust-gas-pressure ratio PINBYEX in within the 

limits (i.e., when it is judged as those with a choke), it progresses to step 34 and the choke judging flag 

CHOKE is set as 1 . 

[0047] 

Moreover, step 20 of drawing 1 1 blows, it blows during overlap at the time of having-no supercharge of 
drawing 1313 , and choke nothing, and calculation of quantity-of-gas-flow MRESOLtmp is explained using 
a quantity-of-gas-flow calculation flow. 

At step 35, the quantity-of-gas-flow formula consistency term MRSOLD is computed by the degree type 
based on TEVC whenever [ cylinder internal temperature / at the time of gas constant REX of the exhaust 
gas computed at step 9 of drawing 10 , and the exhaust air bulb clausilium computed at step 10 ]. 
[0048] 

MRSOLD=SQRT {l/(REXxTEVC)} ... (10) 

Here, SQRT is a multiplier about temperature and a gas constant. In addition, on a control configuration, 
when calculation of the quantity-of-gas-flow formula consistency term MRSOLD is difficult, beforehand, 
the count result of (10) types is memorized as a map, and you may ask according to TEVC whenever 
[ exhaust gas gas constant REX and cylinder internal temperature ]. 
[0049] 

At step 36, the quantity-of-gas-flow formula pressure-differential term MRSOLP is computed by the degree 
type based on the exhaust gas ratio of specific beat SHEATR computed at step 1 6 of drawing 1 1 , and the 
inhalation-of-air exhaust-gas-pressure ratio PINBYEX computed at step 26 of drawing 12 . 
MRSOLP=SQRT [SHEATR/(SHEATR- 1 ) x {PINBYEX A (2-/SHEATR)-PINBYEX A (SHEATR+1) 
(/SHEATR)}] ...(11) 

At step 37, based on the quantity-of-gas-flow formula consistency term MRSOLD and the quantity-of-gas- 
flow formula pressure-differential term MRSOLP which were computed at the cylinder internal pressure 
PEVC, step 35 of drawing 13 , and step 36 at the time of the exhaust air bulb clausilium computed at step 1 1 
of drawing 10 , it blows under overlap at the time of supercharge-less - choke nothing, and a flow rate 
MRESOLtmp is computed by the degree type. 
[0050] 

MRESOLtmp=1.4xPEVCxMRSOLDxMRSOLP ... (12) 

Moreover, step 21 blows, it blows at the time of having no supercharge of drawing 14 , and those with a 
choke, and quantity-of-gas-flow MRESOLtmp is explained using a quantity-of-gas-flow calculation flow. 
[0051] 

At step 38, the quantity-of-gas-flow formula consistency term MRSOLD is computed from the above- 
mentioned (10) types as well as step 35 of drawing 13 . 

At step 39, the pressure-differential term MRSOLPC is searched for by the degree type based on the exhaust 
gas ratio of specific beat SHEATR computed at step 16 of drawing 1 1 at the time of a quantity-of-gas-flow 
formula choke. 
[0052] 

MRSOLPC=SQRT [SHEATRx{2/(SHEATR+l)} A {(SHEATR+1) /(SHEATR-1)}] ... (13) 
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In addition, on a control configuration, when power count is difficult, beforehand, the count result of (13) 
types is memorized as a pressure-differential term MRSOLPC map at the time of a quantity-of-gas-flow 
formula choke, and may be searched for according to the exhaust gas ratio of specific beat SHEATR. 
[0053] 

At the time of the choke computed at the quantity-of-gas-flow formula consistency term MRSOLD 
computed at step 38 of the cylinder internal pressure PEVC and drawing 14 at the time of the exhaust air 
bulb clausilium computed at step 1 1 of drawing 10 , and step 39, based on the pressure-differential term 
MRSOLPC, it blows during the overlap at the time of those with supercharge-less - choke, and a flow rate 
MRESOLtmp is computed by the degree type at step 40. 
[0054] 

MRESOLtmp=PEVCxMRSOLDxMRSOLPC ... (14) 

Moreover, it blows at the time of those with supercharge, and choke [ of drawing 15 ] nothing, and 
calculation of average **** return quantity-of-gas-flow MRESOLtmp under overlap of step 23 is explained 
using a quantity-of-gas-flow calculation flow. 
[0055] 

At step 41, the pressure-differential term MRSOLPT is searched for by the degree type based on the exhaust 
gas ratio of specific beat SHEATR computed at step 30 of drawing 12 , and the inhalation-of-air exhaust- 
gas-pressure ratio PINBYEX computed at step 26 at the time of quantity-of-gas-flow formula supercharge. 
MRSOLPT=SQRT [SHEATR/(SHEATR- 1 ) x {PINBYEX A (-2-/SHEATR)-PINBYEX A (- 
(SHE ATR+ 1 )/SHE ATR) } ] ... (15) 

In addition, constitutionally, when [ of control ] power count is difficult, beforehand, the count result of (15) 
types is memorized as a pressure-differential term MRSOLPT map at the time of quantity-of-gas-flow 
formula supercharge, and may be searched for according to the exhaust gas ratio of specific beat SHEATR 
and the inhalation-of-air exhaust-gas-pressure ratio PINBYEX. 
[0056] 

At the time of MAP PIN detected based on the signal of the MAP sensor 1 0, and the supercharge computed 
at step 41, based on the pressure-differential term MRSOLPT, it blows during overlap at the time of those 
with supercharge, and choke nothing, and quantity-of-gas-flow MRESOLtmp is computed by the degree 
type at step 42. 

MRESOLtmp=-0.152xPINxMRSOLPT ... (16) 

Here, it blows, and quantity-of-gas-flow MRESOLtmp can express the quantity of gas flow which blows 
from an inhalation-of-air system to an exhaust air system during overlap with a negative value being shown, 
and reduces the amount of internals EGR by it based on this. 
[0057] 

Moreover, step 24 blows, it blows during overlap at the time of those with supercharge and those with a 
choke of drawing 16 , and calculation of quantity-of-gas-flow MRESOLtmp is explained using a quantity- 
of-gas-flow calculation flow. 

At step 43, the pressure-differential term MRSOLPC is searched for from (13) types or a map as well as step 

39 of drawing 14 at the time of a quantity-of-gas-flow formula choke. 

[0058] 

At the time of MAP PIN and a quantity-of-gas-flow formula choke, based on the pressure-differential term 
MRSOLPC, it blows during the overlap at the time of those with supercharge, and those with a choke, and 
quantity-of-gas-flow MRESOLtmp is computed by the degree type at step 44. 
MRESOLtmp=-0.108xPINxMRSOLPC ... (17) 

Here, it blows, and quantity-of-gas-flow MRESOLtmp can express the quantity of gas flow which blows 
from an inspired air flow path to an exhaust side during overlap with a negative value being shown, and will 
reduce the amount of internals EGR by it. 
[0059] 

Here, at steps 20, 21, 23, and 24, according to the condition of the existence of supercharge, and the 
existence of a choke, it blows and quantity-of-gas-flow MRESOLtmp is computed. And after blowing 
during overlap at the above-mentioned step 25 and computing capacity MRESOL, it progresses to step 7 
from step 6 of drawing 9 , and the amount MRES of internals EGR is computed at the above-mentioned step 
7. And it progresses to step 4 from step 3 of drawing 8 , the above-mentioned rate MRESFR of internal EGR 
is computed, and processing is ended. 
[0060] 

A means to compute TEVC whenever [ cylinder internal temperature / at the time of exhaust air bulb 
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clausilium ] according to this operation gestalt (step 1 0), A means to compute the cylinder internal pressure 
PEVC at the time of exhaust air bulb clausilium (step 1 1 ), A means to compute gas constant REX of an 
exhaust gas presentation according to a combustion air- fuel ratio (step 9), A means to compute capacity 
MRESCYL in a cylinder at the time of exhaust air bulb clausilium based on TEVC, said cylinder internal 
pressure PEVC, and said gas constant REX whenever [ said cylinder internal temperature ] at least (step 12), 
It has a means (step 25) to blow under overlap of an exhaust air bulb open period and an intake valve open 
period, and to compute capacity MRESOL, and blows with capacity MRESCYL in a cylinder, and the 
amount MRES of internals EGR is computed based on capacity MRESOL (step 7). For this reason, based on 
the quantity of state inside the cylinder after a burn out (temperature TEVC, pressure PEVC, and gas 
constant REX), the amount MRES of internals EGR is computable from a physical formula. And it can 
respond to the consistency change by temperature and pressure variation, and the consistency change by 
change of the gas constant accompanying combustion air-fuel ratio change, and is not concerned with a 
service condition, but the amount MRES of internals EGR can be presumed with a sufficient precision. 
Since the quantity of state inside a cylinder changes every moment and the amount MRES of internals EGR 
is computable in transient operational status especially based on the changing quantity of state, the presumed 
precision of the amount MRES of internals EGR at the time of transient operation can be improved. And 
ignition timing, fuel oil consumption, bulb closing motion timing (the amount of overlap), etc. are 
appropriately controllable by presuming the amount MRES of internals EGR with a sufficient precision. 
Furthermore, since the amount MRES of internals EGR is computed based on a physical formula (three 
formulas) and each control value is determined based on this value MRES according to each parameter even 
if it is control construction containing a multi-dimension parameter, it can build easily. 
[0061] 

Moreover, according to this operation gestalt, it is constituted including a means (step 8) to compute the 
cylinder content volume VEVC at the time of exhaust air bulb clausilium further, and capacity MRESCYL 
in a cylinder at the time of exhaust air bulb clausilium is computed by the physical formula (four formulas) 
based on these calculation values. For this reason, in consideration of the cylinder content volume VEVC at 
the time of exhaust air bulb clausilium, the amount MRES of internals EGR is computable from a physical 
formula (three formulas) based on the quantity of state inside the cylinder after a burn out (volume VEVC, 
temperature TEVC, pressure PEVC, and gas constant REX). Also in this case, it can respond to the 
consistency change by temperature and pressure variation, and the consistency change by change of the gas 
constant accompanying combustion air- fuel ratio change, and is not concerned with a service condition, but 
the amount MRES of internals EGR can be presumed with a sufficient precision. Moreover, even if it is 
control construction containing a multi-dimension parameter, in order to compute the amount MRES of 
internals EGR based on a physical formula (three formulas) according to each parameter, it can build easily 
and adaptation becomes easy. 
[0062] 

Moreover, according to this operation gestalt, a cylinder content volume calculation means (step 8) 
calculates the cylinder content volume value VEVC geometrically decided from the piston location at the 
time of exhaust air bulb clausilium at the time of exhaust air bulb clausilium. For this reason, the cylinder 
content volume VEVC at the time of exhaust air bulb clausilium can be computed appropriately, and the 
more exact amount MRES of internals EGR can be calculated. 

Moreover, according to this operation gestalt, a cylinder content volume calculation means (step 8) 
calculates the cylinder content volume value VEVC at the time of exhaust air bulb clausilium according to 
the variation in the engine which has the device in which the cylinder content volume of an exhaust air bulb 
clausilium stage and this stage is changed relatively at the time of exhaust air bulb clausilium. For this 
reason, even if it is the engine which has the device (adjustable bulb closing motion timing, adjustable 
compression ratio) in which the cylinder content volume VEVC changes at the time of exhaust air bulb 
clausilium, it can ask for the cylinder content volume VEVC easily, and the more exact amount MRES of 
internals EGR can be computed. And since each value is decided geometrically, it can compute easily and 
can develop efficiently by losing the need by system operation of making it suiting. 
[0063] 

Moreover, according to this operation gestalt, a gas constant calculation means (step 9) calculates gas 
constant REX corresponding to change of an exhaust gas presentation according to the target combustion 
equivalent ratio TFBYA ( drawing 1 8 ). For this reason, when there is consistency change accompanying the 
exhaust gas presentation change according to the target combustion equivalent ratio TFBYA (i.e., also when 
there is a change in the target combustion equivalent ratio TFBYA after a change in a full admission 
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operation region after Lean operation and start up), the amount MRES of internals EGR can be presumed 
with a sufficient precision. And gas constant REX can be computed from the reaction formula by a fuel 
presentation and air presentation, and can be efficiently developed by losing the need by system operation of 
making it suiting. 
[0064] 

According to this operation gestalt, it blows during overlap. Moreover, a capacity calculation means (step 
25) A means to compute TEVC whenever [ cylinder internal temperature / at the time of exhaust air bulb 
clausilium ] (step 1 0), A means to compute the cylinder internal pressure PEVC at the time of exhaust air 
bulb clausilium (step 1 1), A means to compute gas constant REX corresponding to the exhaust gas 
presentation change according to a combustion air- fuel ratio (step 9), A means (step 10) to compute MAP 
PIN, and a means to compute the ratio of specific beat SHEATR corresponding to exhaust gas presentation 
change (step 14), A means to compute the addition effective area ASUMOL under overlap of an exhaust air 
bulb open period and an intake valve open period (step 14), It is constituted including a means (step 15) to 
compute the engine engine speed NRPM, and a means (steps 27 and 32) to judge the existence of 
supercharge and a choke, and blows under overlap based on these calculation values, and capacity 
MRESOL is computed. For this reason, based on the quantity of state under overlap (temperature TEVC, a 
pressure PEVC, gas constant REX, area ASUMOL), it blows by the physical formula (seven formulas), and 
capacity MRESOL can be computed with a sufficient precision. And it can respond to the consistency 
change and orifice passage volumetric flow rate change by change of a quantity of state, and blows with a 
sufficient precision during overlap in all operational status, and capacity MRESOL can be computed. 
Furthermore, also in the control construction containing a multi-dimension parameter, in order to compute 
the amount MRES of internals EGR based on a physical type (three formulas) according to each parameter, 
it can build easily and adaptation becomes easy. 
[0065] 

Moreover, according to this operation gestalt, based on the cylinder internal pressure PEVC, supercharge 
and the judgment means (steps 27 and 32) of a choke are equipped with a means (step 26) to compute the 
inhalation-of-air exhaust-gas-pressure ratio PINBYEX, and at the time of MAP PIN and exhaust air bulb 
clausilium, when a supercharge judging means (step 27) makes the ratio of specific beat SHEATR 
corresponding to exhaust gas presentation change those with supercharge, they set it up. For this reason, also 
in the time of inertia supercharging in full admission operation, and the supercharge by the supercharger, it 
blows under overlap with a sufficient precision, and capacity MRESOL can be computed. And even when a 
choke is generated in the time of idle operation etc., it blows with a sufficient precision and capacity 
MRESOL can be computed. 
[0066] 

moreover, a means ( drawing 20 ) to compute a means ( drawing 20 ) by which an addition effective-area 
calculation means (step 14) computes intake valve closing motion timing during overlap, and exhaust air 
bulb closing motion timing according to this operation gestalt — since — the amount of overlap is computed 
and it asks for the addition effective area ASUMOL according to this amount of overlap. For this reason, the 
addition effective area ASUMOL can be computed based on the amount of overlap, and count by the 
physical type (six formulas) can be simplified. 
[0067] 

Moreover, according to this operation gestalt, during overlap, an addition effective-area calculation means 
(step 14) integrates with either minimum value of the opening area in an inhalation-of-air valve lift, and the 
opening area in an exhaust air valve lift, and computes the addition effective area ASUMOL. For this 
reason, false [ of the addition effective area ASUMOL of an overlap period ] can be carried out as one 
orifice, and the flow rate which passes this orifice from the condition of an exhaust air system and the 
condition of an inhalation-of-air system can be computed in simple. 
[Brief Description of the Drawings] 

[Drawing 1] System configuration drawing of the amount presumption equipment of internals EGR 

[Drawing 2] The control block diagram of the rate calculation means of internal EGR 

[ Drawing 3] The control block diagram of the amount calculation means of internals EGR 

[Drawing 4] It is the control block diagram of the quantity-of-gas-flow calculation means in a cylinder at the 

time of exhaust air bulb clausilium. 

[Drawing 5] It blows during overlap and is the control block diagram of a capacity calculation means. 
[Drawing 6] The control block diagram of an exhaust gas ratio-of-specific-beat calculation means 
[Drawing 7] The control block diagram of supercharge and a choke judging means 
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[Drawing 8] Rate calculation flow chart of internal EGR 
[Drawing 9] The amount calculation flow chart of internals EGR 

[Drawing 10] It is a capacity calculation flow chart in a cylinder at the time of exhaust air bulb clausilium. 
[Drawing 1 1] It blows during overlap and is a capacity calculation flow chart. 
[Drawing 12] A supercharge judging and a choke judging flow chart 

[Drawing 13] It blows during overlap at the time of supercharge-less - choke nothing, and is a quantity-of- 
gas-flow calculation flow chart. 

[Drawing 14] It blows during overlap at the time of those with supercharge-less - choke, and is a quantity- 
of-gas-flow calculation flow chart. 

[Drawing 1 5] It blows during overlap at the time of those with supercharge, and choke nothing, and is a 
quantity-of-gas-flow calculation flow chart. 

[Drawing 16] It blows during overlap at the time of those with supercharge, and those with a choke, and is a 
quantity-of-gas-flow calculation flow chart. 

[Drawing 17] It is a cylinder content volume calculation table at the time of exhaust air bulb clausilium. 

[Drawing 18] Exhaust gas gas constant calculation table 

[Drawing 1 9] It is an addition effective-area calculation table during overlap. 

[Drawing 20] It is the explanatory view of addition effective area during overlap. 

[Drawing 2 1 ] Exhaust gas ratio-of-specific-beat calculation table 

[Drawing 22] gaseous mixture — a ratio-of-specific-beat calculation table 

[Description of Notations] 

I Engine 

5 Intake Valve 

6 Exhaust Air Bulb 
10 MAP Sensor 

I I Exhaust-Gas-Pressure Sensor 

12 Exhaust-gas-Temperature Sensor 

13 02 Sensor 

14 Crank Angle Sensor 

15 Coolant Temperature Sensor 

16 Inspired Air Flow Path Cam Angle Sensor 

17 Exhaust Side Cam Angle Sensor 

18 Accelerator Opening Sensor 
30 ECU 



[Translation done.] 
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[Drawing 16] 
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